Introduction
Vertical Cavity Amplifiers (VCA) in the 1.3pm communication band are an interesting technology to pursue because of their polarization insensitivity and efficient coupling to optical fiber [ 11. Pulsed optical pumping has demonstrated gains of up to 30dB at 850 nm [2] and 14 dB at 1550 nm [3] . Recently, electrical pumping of a reflection type VCA at 1.5 pm has demonstrated 16 dB gain with a bandwidth of 4 GHz [4] . In this work we demonstrate the first continuous wave (CW) amplification at 1.3 pm using a VCA. We have achieved gains of up to 13.7 dB, a bandwidth of 31 GHz and a saturation power of -5 dBm. We believe this to be the highest saturation power measured for a VCA.
Experiment
The VCA structure used in our experiments was operated in reflection mode and is shown in Figure 1 . The two GaAs/Alo,99Gao.olAs Distributed Bragg Reflector (DBR) mirrors were wafer fused to a 1.3 pm InPIInGaAsP active region consisting of 3 sets of 7 InAso.sPo.s quantum wells situated at the central peaks of the standing wave pattem in a 5/21 cavity. The bottom mirror had 25 periods giving a calculated maximum reflectivity of 99.5 %. The number of periods in the top mirror was varied in order to optimize the gain of the VCA. No pattering or lithography was performed on the sample except to facilitate wafer fusion. The VCA was optically pumped through the non-AR coated GaAs substrate using a CW 980 nm pump laser. The pump laser has a maximum output power of 250 mW, and was focused down to a 7 pm spot.
A tunable 1.3 vm laser with a resolution of 0.01 nm was used as the signal source into the VCA. A fiber and grin lens were used to couple the light into and out of the VCA. The estimated two-way coupling loss is 6 dB. A circulator was used to separate the light into and out of the VCA. The output from port 3 of the circulator (reflected signal), was detected and the photodetector output was fed to a lock-in amplifier. Small signal gain as a function of wavelength could be monitored using this arrangement.
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Results
The VCA gain was measured both as a function of input signal wavelength for different excitation pump powers and for different numbers of top mirror periods. Figure 2a shows the VCA gain for the case of 17 mirror periods. For the purpose of clarity, the gain curves at 75 mW and 110 mW pump powers are offset by 3 and 6 dB, respectively. Zero gain is measured for a pump power of 25 mW. At the pumping power of 75 mW, a strong absorption of the input signal at the peak gain is observed; at the pump power of 110 mW, a maximum gain of 6 dB is achieved. Any further increase of the pump power would induce lasing in the amplifier cavity. It is noted that a small change in pump power (from 75 to 100 mW) yields a 12 dl3 change in output power due to the strong absorption of the pump laser. Extinction ratios as large as 20
dB have been measured. This suggests that modulation of the pump could modulate the 1.3 pm signal, allowing the VCA to act as an effective switch [2, 3] . We have previously demonstrated that high speed direct modulation of 980 nm pump lasers can be performed at rates up to 6 Gb/s [8] .
- When the number of mirror periods is reduced to 13, the pump power (and hence the material gain) is increased. Figure 2b shows that at a pump power of 199 mW a maximum gain of 13.7 dB and a bandwidth of 30.9 GHz (0.18 nm) is achieved. This gives a gain bandwidth product of 724.4 GHz. Figure 3 shows the gain as a function of input power for 13 mirror periods on the output mirror. The gain is flat to within *1 dB and the saturation input power, corresponding to a 3 dB drop in ain, is -5 dBm. The solid curve shows the calculated gain saturation based on a fit given by G( l+PJP,,)-, where G is the gain, Pi, is the input power and P,, is the saturation power. 
Discussion
For high gain amplification, a large number of quantum wells is needed, and optical pumping is advantageous. CW optical pumping has already been successful in demonstrating high temperature operation in 1.3 pm [7] and 1.5 pm [8] VCSELs. Integration of the pump [6] has demonstrated that optical pumping is a practical method to drive vertical cavity amplifiers. Calculated values [ 13 for a VCA in reflection mode with 20 dB gain indicate that the optimum amplifier needs a bottom mirror reflectivity, %=1, and a top mirror reflectivity, R~0 . 6 , yielding a gain bandwidth of 860 GHz and a saturation power of +5.4 dBm. Our preliminary results, with &=0.994 and R~0 . 7 9 6 suggest that our values for gain, bandwidth and saturation power are extremely promising.
. . . . , . . . . , . . . . Figure 4b shows the maximum gain measured for the different numbers of top mirror periods. These are typical results; in some cases gains as high as 19 dB have been measured. Even larger values of maximum gain may be achieved with more transmissive top mirrors. We believe that gain guiding limits the amplifier gain; the next phase of this work will include etched posts and oxide apertures in the structure to provide index guiding. Oxide apertures have been used to reduce the pumping threshold for optically pumped VCSELs [5] and should increase the gain of VCAs. In addition, the bandwidth of the amplifier could be increased and given a flatter passband response by using coupled-cavity mirrors [6] . AR coating the substrate for the 980 nm pump should also enhance the gain.
Conclusion
Vertical cavity amplifiers operating at 1.3 pm were demonstrated for the first time. We have measured optically pumped 1.3 pm vertical cavity amplifiers with up to 13.7 dB gain, 30.9 GHz gain bandwidth and -5 dBm saturation input power. The extinction ratio on the order of 12 dB obtained by modulating the pump power (Fig. 2a) suggests that VCAs may make useful switches. Arrays of polarization independent amplifiers should be possible with this technology.
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